failure to focus on the carer experience. A further eight studies were excluded that were not repeatable. A total of 23 articles were selected for full data extraction (Figure 1 ).
Data extraction
Data were extracted and recorded on an Excel spreadsheet and included details of the publication, author(s), citation, aims, inclusion/exclusion criteria, recruitment, participant demographics, type of intervention, research setting, emergent themes concerning support services, and underpinning theory. A critical appraisal of the review studies was undertaken using the Critical Appraisal Skills Programme (CASP, 2013) toolkit to identify strengths and weaknesses in the studies and potential bias or ethical issues.
Analysis was undertaken (SB) using the principles of Thomas and Harden's (2008) thematic approach. This involved identifying descriptive themes emerging from the data, yet staying close to the intentions of the original studies. The themes focused on the effect of motor neurone disease on the carer, on the person with motor neurone disease/carer relationships, tasks and training, psychological effect, palliative/professional support, the positive and negative experiences of caring, quality of life/burden, religion/spirituality and the effect of age. These were further developed into analytical themes that place a meaningful interpretation on the findings as a way forward to developing recommendations (Barnett-Page and Thomas, 2009 ). 
Results of the data synthesis

Timing of studies
Later studies show a focus on the needs of the carer in their own right (Lillo et al, 2012; Oyebode et al, 2013) rather than their role being primarily for the benefit of the person with motor neurone disease, as in earlier studies (Trail et al, 2004; Lo Coco et al, 2005) . This may be partly attributable in the UK to the publication of The National Service Framework for Long-term Conditions in 2005 (Department of Health, 2005 , which published 11 quality requirements to improve care and quality of life for people with neurological conditions and their carers.
Descriptive themes
The following themes emerged from the data and included effects on intimate relationships, training needs of the carer, psychological effects of caring, experience of palliative care support, practical and emotional support, quality of support, positive and negative effects of caring, quality of life, religion and age.
The specific effect of motor neurone disease on the carer and their relationship with the person with motor neurone disease Studies indicated opposing perspectives regarding the influence the disease process has on carers. Three studies (Trail et al, 2004; Chiò et al, 2005; Pagnini et al, 2010 ) identified a connection between burden and the severity of the disease progression, and one reported a poorer quality of life that did not equate to caring for the most physically or cognitively impaired person with motor neurone disease (Calvo et al, 2011 ).
There appears to be a connection between the disease process and the relationship between the person with motor neurone disease and the carer (Peters et al, 2012; Qutub et al, 2014) . Two studies found a link between the carer's mood (Boerner and Mock, 2012) and frustration (Olsson Ozanne et al, 2012) and the perceived lack of appreciation for the carer on the part of the person with motor neurone disease. However, when carers were recognised as supportive, they reported more positive mood and indicated that the relationship could be strengthened.
Two studies (Ray and Street, 2007; Aoun et al, 2011 ) identified a series of losses as relationships altered from relative to carer. Motor neurone disease can put pressure on the relationship through continuous fatigue and reduction in intimacy (Oyebode et al, 2013) and have an impact on external relationships by leaving carers little time for social interaction-particularly female carers, who saw caring as their duty.
Carer tasks and training needs
Carers described the tasks as assisting activities of daily living, liaising with professionals, and unrelenting moving and handling of the person with motor neurone disease throughout Ray and Street (2007) , Olsson et al (2010) , Aoun et al (2011) (2010) the day and night (Gomes et al, 2011) . They indicated discrepancies in the provision of services regarding support with personal care and specialised aids. Where equipment had been supplied, carers reported a lack of training in how to use it properly (Ng et al, 2011; O'Brien et al, 2012) . One study (Olsson et al, 2010) , however, found that carers supported by specialist motor neurone disease services appreciated the support and learned how to problem-solve difficulties they faced.
Psychological effects
The articles used a broad spectrum of psychological terminology: anxiety, depression, wellbeing, burden, coping strategies, grief and loss. Caring was seen as a series of losses with changes occurring so fast that carers were unable to adjust to their new role, resulting in some using repression of their emotional responses as a coping strategy to enable them to continue caring (Aoun et al, 2011; Oyebode et al, 2013) . These carers experienced prolonged grief after the person with motor neurone disease died. Some studies reported a higher level of psychological distress and burden in carers where the person with motor neurone disease experienced cognitive changes, such as emotional lability or behavioural changes, and where social support was poor (Goldstein et al, 2006; Lillo et al, 2012) . Carers who could find benefits to their new role maintained positivity and higher quality of life when they perceived problems as opportunities (Murphy et al, 2009; Mock and Boerner, 2010) . These studies argued that healthcare professionals could influence psychological health by teaching and supporting the acquisition of skills to assist the carer. Some studies found that psychological distress and increased anxiety and depression in carers was associated with either difficulty accessing support or receiving inadequate support services (Kristjanson et al, 2006; Pagnini et al, 2010; Ng et al, 2011; O'Brien et al, 2012; Peters et al, 2012; Qutub et al, 2014) and that this could reduce quality of life by curtailing the ability to have social relationships and remain at work, thereby adding financial worries to their other concerns.
Palliative care support/professional support
One study (Aoun et al, 2011) found that families were not routinely offered palliative care and recommended that services were available from diagnosis to end of life to ensure that physical and psychological support are provided alongside symptom management.
The effect of assigning an individual case manager to help reduce strain on the caregiver is not conclusive and requires further research (Creemers et al, 2014) .
Practical support/emotional support
The level of support provided by professionals predicts the carer's perception of their burden, with inadequate support leading to increased psychological distress (Goldstein et al, 2006; Pagnini et al, 2010; Peters et al, 2012) . There is a need for both formal professional support (Goldstein et al, 2006; Olsson Ozanne et al, 2012; Peters et al, 2012) and informal support via carers' ability to access social relationships and networks (Goldstein et al, 2006) to reduce burden and improve wellbeing.
As the burden of caring increases, access to informal support networks diminishes, requiring professional support for formal care, respite, counselling and training (O'Brien et al, 2012) . Aoun et al (2011) reported a failure to offer formal carers respite and psychological support. The researchers suggest using the neuropalliative rehabilitation model (Royal College of Physicians, 2008), which advocates improved interaction between specialist services and could thereby enhance collaboration between the three different specialties-neurology, palliative care and rehabilitation. This could bring them together within a multidisciplinary team, reducing variation in service provision and providing seamless care. Assessing the carer's needs could limit the negative effects of unidentified depression and burden (Qutub et al, 2014) .
Quality of support
Carers reportedly benefit from specialist motor neurone disease services where access to a multidisciplinary team leads to a problem-solving approach in the identification of support needs and implementation of action in a timely manner (Oyebode et al, 2013) .
Negative experience of caring
Caring can reduce social interaction, increase physical and emotional demands and affect intimacy, causing psychological distress and reduced wellbeing with the role change from spouse to carer (Mock and Boerner, 2010; Aoun et al, 2011; O'Brien et al, 2012) .
Positive experience of caring
Carers find positivity in caring when they use support strategies such as accepting that they cannot control the changing condition of the person with motor neurone disease, but can adjust to the situation (Olsson Ozanne et al, 2012; Oyebode et al, 2013) . This positivity can be enhanced further if the carer feels appreciated by the person with motor neurone disease (Mock and Boerner, 2010) .
Quality of life/burden
Cognitive and behavioural changes in the person with motor neurone disease may have an increased effect on carer burden rather than physical deterioration (Lillo et al, 2012) .
There is a correlation between carer burden and difficulties accessing support via health and social services, with an exponential increase as the person with motor neurone disease deteriorates (Chiò et al, 2005; Pagnini et al, 2010; Peters et al, 2012) . Teaching carers specific problem-solving skills can lessen their feelings of burden (Murphy et al, 2009; Oyebode et al, 2013) .
Religion and spirituality
Carers may find religion and spirituality supportive, with a suggestion that they enhance life satisfaction, quality of life and enable the carer to cope better (Lo Coco et al, 2005; Calvo et al, 2011; Qutub et al, 2014) . The studies only report on the experience of Christianity and there is little evidence regarding other faiths. Furthermore, some carers reported questioning their faith as the disease progressed (Trail et al, 2004) . One study found that a high degree of spirituality predicted improved quality of life, but religiousness did not (Murphy et al, 2009 ). Use of these terms varies across the studies and authors do not elucidate on their interpretation.
Age
Female carers aged under 55 years of age scored higher in the depression and burden instruments than other groups. Possible explanations could be inexperience of negative life events (Qutub et al, 2014) , lack of opportunity for social relationships, career and travel, and that they are likely to have child-care as well as caring commitments (Ray and Street, 2007) .
Analytical themes
The descriptive themes above were scrutinised to identify areas that act as barriers, and those that act as facilitators, in the support of carers. Four analytical themes strongly emerged and are detailed below. The themes focus on the UK support systems and may only be applicable to certain health systems. However, the ideas may be extrapolated to some other countries. The theme on religion and spirituality was not sufficiently supported for a recommendation to be made and is discontinued.
Theme one: early access to palliative care
Palliative care services offer support to patients and their families in coping with illness and should be provided early in diagnosis, with increasing input for physical and psychological support to limit development of prolonged grief disorder (Aoun et al, 2011) . Access to support staff should be seamless and healthcare professionals should be proactive and ensure good communication between multidisciplinary team members and carers (Ng et al, 2011; O'Brien et al, 2012; Qutub et al, 2014) . The introduction of the neuropalliative rehabilitation model (Royal College of Physicians, 2008) could assist larger multidisciplinary teams and reduce inconsistencies in the provision of support (Ng et al, 2011) by enhancing interaction and coordinated support from neurology, rehabilitation and palliative team members.
Theme two: information needs of carers regarding disease-specific information and availability of services
Healthcare professionals need to be proactive in informing carers how and where they can access information regarding motor neurone disease and offering the services available to support them.
Theme three: healthcare professionals can improve carer quality of life by encouraging supportive relationships with the person with motor neurone disease and significant others Relationships between patients and carers change significantly throughout the trajectory of the disease. This review found evidence that carer quality of life is enhanced when they feel appreciation for their role from the person with motor neurone disease (Boerner and Mock, 2012) and healthcare professionals can support that person in understanding that expressing gratitude has a positive effect on the carer's wellbeing.
Offering respite stays and sits enables the carer's pursuit of social relationships and activity with significant others (Olsson et al, 2010) . This may be particularly important for younger carers, or when the person with motor neurone disease has cognitive impairment, as these carers experience an increased burden (Goldstein et al, 2006; Lillo et al, 2012) .
Theme four: teaching caring skills to carers
Keeping a person with motor neurone disease at home requires specialist aids, which carers are expected to operate (e.g. hoists, speech aids and percutaneous endoscopic gastrostomy feeding pumps). There is a need for consistent support from healthcare professionals to supply these and train the carer to use them effectively and safely (Ng et al, 2011; O'Brien et al, 2012) . Healthcare professionals can also teach problem-solving skills for practical issues (Oyebode et al, 2013) , which can result in improved quality of life (Murphy et al, 2009) .
Discussion
This review has identified how professional disease-specific support can affect the carer's ability to care for a person with motor neurone disease. While it has been acknowledged that there should be consistent provision of palliative care services for all people with motor neurone disease and their carers across the UK (All-Party Parliamentary Group, 2013), there has been a dearth of recommendations detailing what that support should involve.
Two previous reviews by Mockford et al (2006) and Aoun et al (2012) sought to identify service needs. This review updates their work and has led to the development of evidence-based recommendations identifying ways in which healthcare professionals can improve the support offered to carers of people with motor neurone disease. It found strong arguments in the literature in four specific areas with relevance extending beyond the death of the person with motor neurone disease. Palliative care can offer physical and psychological support, and should be an integral part of the support offered from diagnosis (Aoun et al, 2011; All-Party Parliamentary Group, 2013) . Early access to palliative care has been shown to limit potential, prolonged grief in bereavement (Aoun et al, 2011) and has an essential role in providing the specific, tailored support required (O'Brien et al, 2012) . This review found that healthcare professionals need to be proactive in offering carers information about available services, as it is not enough to provide support services without ensuring they are offered directly to carers who may be unaware of their entitlement to them.
This review and its recommendations precede the publication of guidance aimed at improving the assessment and management of care for people with motor neurone disease (National Institute for Health and Care Excellence, 2016) and provides evidence for its recommendations-in particular, providing timely information, addressing the support needs of carers, and addressing carers' concerns about changing relationships. Poor access to support exacerbates psychological distress and reduces wellbeing (Goldstein et al, 2006; Pagnini et al, 2010; Peters et al, 2012) . Role change from spouse/family member to carer can affect intimacy and may be a barrier to quality of life (Aoun et al, 2011) .
KEY POINTS
Healthcare professionals can help people with motor neurone disease understand that their carer's wellbeing is positively affected by them showing appreciation for their support. They can also offer respite and sitting services to enable the carer to maintain social relationships outside the home. This review has found that where resources are actively shared between healthcare professionals and carers, and between the person with motor neurone disease and the carer, the carer will be able to cope better and have an improved quality of life.
A carer facing new, daily challenges may be helped by learning problem-solving skills that have been shown to improve quality of life. Healthcare professionals are well placed to train carers to use them and to ensure the carer receives adequate training to use complex care aids safely and effectively.
This review found that caregiver burden and quality of life appear to be different constructs. Although there is a link between exponential increases in burden as the person with motor neurone disease progresses (Chiò et al, 2005; Pagnini et al, 2010; Peters et al, 2012) , conversely they may still perceive themselves as having good quality of life when their support needs are met by healthcare professionals (Olsson et al, 2010) .
This review has identified robust evidence to enable practical recommendations to be proposed to improve professional support provided to carers of people with motor neurone disease. To date, there is too much variation in provision of support services offered to carers of people with motor neurone disease. Implementing recommendations such as those developed from this review on a national basis has the potential to provide consistent support and improved service provision to carers.
The recommendations were synthesised from studies originating in developed countries and may be most relevant where patients can access multidisciplinary care.
Conclusions
Robust recommendations have emerged from this review that will enable healthcare professionals to improve the support they give to carers of people with motor neurone disease. This review has also identified gaps in service provision that are much-needed areas for research. The support needs of carers of people with motor neurone disease with advanced disease were lacking in this review, particularly those with cognitive changes such as fronto-temporal dementia.
The role of religious faith as a support recommendation was not pursued because of the lack of diversity in published studies; extending this to wider belief systems beyond Christianity may be beneficial.
The role of case management in supporting motor neurone disease/carer couples is inconclusive and warrants further research (Creemers et al, 2014) . There is a need for a specific assessment instrument aimed at identifying barriers to quality of life and wellbeing in informal carers of people with motor neurone disease. 
